The pathways through which agriculture affects nutrition are outlined. New 
Introduction
The contribution of the international agricultural research community to major increases in agricultural productivity and incomes in the developing world has been well documented [1] [2] [3] [4] . The contribution of this community has been further credited with generating the increases in food production that have outpaced population growth and thus averted widespread food shortages [5] . Moreover, publicly funded agricultural research has been found to have an exceptionally high rate of economic return [6] .
By way of income generation and food price reduction, it is clear that agricultural research has contributed to significant reductions in malnutrition. For example, a recent study by Smith and Haddad [7] found that increases in per capita food availability were responsible for nearly one-quarter of the decline in child undernutrition rates over the past 25 years. Food availability improved in no small part due to agricultural research, despite rapid population growth in developing countries and severe constraints to increased production through land expansion.
The question the participants at this conference must ask themselves is "Can agriculture-helped by agricultural research-do even more?"* The pessimistic view argues that agricultural research has its hands full in just helping farmers to grow more food. Incorporating nutritional concerns into the design of agricultural research is difficult. Moreover, the effort does not seem to have paid off in terms of improved nutrition outcomes. There are many nonfood-related causes of malnutrition, and agriculture cannot be expected to address or even anticipate them. If nutritional concerns are to be incorporated, it should
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Lawrence Haddad * This is not a new question to pose. Using data from urban Colombia, Pinstrup-Andersen [8] showed how research priorities by commodity would vary depending on the nutrition objective selected and on the cost assumption made. Several other conceptual articles on agriculture-nutrition linkages have been written over the years [9] [10] [11] [12] . be done by the national agricultural research institutes in collaboration with national nutrition institutes. Few examples exist of successful efforts to get agriculture to be more nutrition sensitive.
The optimistic view argues that agriculture and nutrition are inexorably linked. The efforts of farmers and agricultural researchers should be guided primarily by nutritional concerns. Agricultural, nutritional, and communication experts can work together to address the multiple causes of malnutrition. There are many examples of how the incorporation of nutritional concerns into the design of agricultural research and agricultural interventions has positively influenced nutrition outcomes.
The truth lies somewhere between these two ends of the spectrum. The challenge for the participants at this workshop is to identify the ways an agricultural research design can be modified ex ante to enhance nutrition impact. This paper outlines the pathways through which agriculture is thought most likely to affect nutrition, bringing in some new evidence from the International Food Policy Research Institute (IFPRI) and the Consultative Group on International Agricultural Research (CGIAR) along the way. The paper identifies two groupings of impacts of agriculture on nutrition: generic and specific. Generic effects are not sector-specific: any sector that employs a large percentage of a malnourished population in a labour-intensive fashion will generate income and employment and would have such impacts. Specific effects are generated because food-not some other commodity-is being produced.
Agriculture-nutrition links
Specific effects include declines in food prices (to what extent do increases in food productivity lead to declines in food prices and better diets?), ownconsumption (to what extent does the production of certain foods influence their consumption within the grower households and communities?), processing and preparation (how can nutrient losses be minimized?), and plant-breeding (what can be done to make specific foods more nutritious?).
Generic effects include income generation for those engaged in agriculture and those linked to it, time allocation effects (how compatible are work activities with time investments in nutrition?), impacts on household decision-making (does innovation in the sector draw influence away from nutrition decision makers?), energy and nutrient expenditures (for certain individuals, do the activities in the sector result in the use of more nutrients than they generate?), and health environment effects of agricultural production (how large are the negative effects on the health environment of the production processes in the sector?).
Specifi c effects

Impacts on food prices
Lower food staple prices generated by the Green Revolution have had a substantial beneficial impact in improving the food security of the poor. For example, in Bangladesh inflation-adjusted rice prices have fallen by 40% over the past 25 years. All other things being equal, lower rice prices not only allow greater rice consumption, but because expenditures for rice constitute a high proportion of total expenditures, lower rice prices also free up money for greater purchases of non-staple foods and non-food items. Unfortunately, productivity increases for non-staple foods in Bangladesh have not matched those for rice, so that the inflation-adjusted prices of most nonstaple foods have risen considerably at the same time as cereal prices have fallen.* Lower cereal prices hurt net producers of cereals, but in general farmers have been more than compensated by increases in productivity, so that overall their incomes have risen [4] .
In general, increased food production is good for urban consumers, because it will lead to lower food prices. As markets become increasingly liberalized and open and as transport costs are reduced, price formation depends less and less on local conditions. Hence in the developing countries that are better integrated into the international economy, the price effect of improved agricultural productivity is likely to be diminished. However, because the numbers of urban poor are increasing so rapidly, even small decreases in food prices will have large aggregate impacts [13] .
Nevertheless, in many of the poorer countries-particularly the landlocked-transport costs remain very high, and many foods are considered non-tradable. In these situations local increases in production will lead to local decreases in price. Because the livelihood strategies of the rural poor are so complex, it is difficult to predict ex ante the total impact of increased food productivity on the poor [4] .
Impact on food consumption from own-production
Does what people and their communities grow make a difference in what they and their communities eat? Three examples from recent IFPRI work show the possibilities and highlight the limitations. First, in urban Uganda, an IFPRI-UNICEF study found that pre-school children in families with non-commercial garden plots were much less stunted than their counterparts in families without gardens, after income, assets, education, and a host of other factors had been * Bouis H. Impacts of modern varieties of rice on poverty and food security. Paper presented at IRRI's 40th Anniversary Conference, Los Baños, Philippines, April 2000. controlled for. These garden plots made the difference in the diets of the families [14] . In Bangladesh, Bouis et al. [15] found that innovations in vegetable technology did not result in a significant increase in vegetable consumption of adopting households. The direct impact of new fishpond technologies on diet quality was also negligible, although the fishpond technology will have had a positive impact on diet quality through modest increases in income (see the paper by Bouis [16] in this issue for more information). The latter two examples highlight the need for well-integrated nutrition education expertise if agricultural initiatives that are more nutrition-motivated are to succeed.
A large literature has grown up around the subject of food-based interventions for malnutrition reduction (particularly for the reduction of micronutrient malnutrition). In general, there is a relatively small set of documented interventions, few of which have been assessed in a rigorous way [17] . Some of the interventions show a lot of promise, particularly for vitamin A [18] [19] [20] . They share a number of characteristics: nutrition and health expertise in problem assessment and in related disease control (e.g., to control for Ascaris and hookworm infestation that affects absorption of nutrients), the utilization of new agricultural and horticultural technologies, a social marketing and nutrition education component, and attention to the institutional factors necessary for such partnerships to form and flourish. The outlook for fruits and vegetables as a way of combating iron deficiency is less positive [17] , and for populations that cannot afford animal products and do not have the institutional structures to undertake daily iron supplementation, the options are rather limited [21] .
Post-harvest activities and nutrient availability
There are many ways in which post-harvest activities can affect nutrient availability, including increasing the general use of nutrient-rich foods (e.g., β-carotenerich varieties of sweet potato), increasing the nutrient density of foods consumed by infants, and decreasing nutrient losses from the processing of widely available foods.
Post-harvest activities include storage, commercial processing, in-home processing, and preparation. Food processing includes physical processes (e.g., heat or cold treatment, mechanical separation such as milling, and reduction of water activity), chemical processes (e.g., addition of acid, alkaline, oxidizing, or reducing agents), enzymatic processes (e.g., hydrolysis of proteins or inactivation of toxins), and biological processes (e.g., fermentation and germination) [22] .
A good example of work that has the potential to increase the general use of nutrient-rich foods via processing is provided by the work of the Centro Internacional de la Papa (CIP) with sweet potatoes.
A series of articles has been written that describe the technical and economic feasibility of deriving and using sweet potato chips and flours in chapati and bread processing, as well as consumer acceptability [23, 24] . The goal of this work is mainly to reduce the costs of production and the cost to the consumer. Sweet potatoes performed well along all of these dimensions. The successful application of such techniques to orange-and yellow-fleshed varieties that are richer in β-carotene has helped to generate a direct nutrition impact in Kenya [19] ; see the paper by Hagenimana and Low [25] in this issue for more information ).
More work on the nutritional impacts of processing and preparation has been undertaken in the context of complementary feeding. Complementary feeding marks the period during which other foods and liquids are provided to the infant along with breastmilk. Complementary feeding begins when exclusive breastfeeding stops, and it ends when the infant is fed exclusively with foods eaten by the rest of the family [22] . The processing of complementary foods involves cleaning, pounding, grinding, milling, drying, or roasting. Dry heat usually decreases the activity of antinutritional factors and destroys some pathogens, but overtreatment can destroy some vitamins. The extent to which agricultural research-as opposed to food technology research-can contribute to the improved nutrient composition of complementary foods is not clear.
Plant-breeding
This is perhaps the most direct approach to increasing the relevance of agricultural research to nutrition. Breeding maize for higher-quality proteins is an early example of the approach (see the paper by Vasal [26] in this issue for more information). Unfortunately the rapidly changing consensus in the nutrition community as to the limiting factors in the diet (from protein to calories and micronutrients) made the quality protein maize experience somewhat demoralizing for the plant-breeding community [9] . Despite this recent history, a new generation of plant-breeding efforts is now under way (see Welch and Graham [27] for a good summary). The focus this time is not on protein, but on micronutrients. There are three broad goals and two broad technologies. The three broad goals are to increase the micronutrient concentration in the crop, decrease the concentrations of absorption inhibitors such as phytic acid, and increase the concentration of promoter compounds (for iron and zinc in particular), such as sulphur-containing amino acids [28] . The two broad technologies are conventional breeding and use of biotechnology (see the papers in this issue by Bouis et al. [29] for more information on conventional breeding and by Datta and Bouis [30] for more information on the use of biotechnology).
Generic effects Effects of increased agricultural productivity on income
Agriculture is an important sector in the poorest countries of the world, and for the poorest members of those countries. For countries with a per capita gross domestic product (GDP) below US$2,000 (at purchasing power parity, 1990), large percentages of the labour force remain employed in agriculture. Agriculture is not necessarily the main source of income for these workers and their families, but it does engage a large proportion of working men and women. As such, agriculture is an important source of income for those directly engaged in it. Moreover, as recent research has shown [31] , increases in agricultural output lead to large second-round increases in the rural economy. These effects arise in the sectors that supply the agricultural sector with goods and services and via the demand from those rural non-farm sectors that need further goods from agriculture. In some cases, these second-round effects are larger than the initial growth in agricultural output.
These increases in income are important for nutrition, in that they enable people to purchase more nonfoods and also a more diverse diet, and this tends to imply a greater dietary quality. Evidence from Bangladesh [32] shows how the consumption of micronutrients increases at a faster rate than calorie consumption as the incomes of poor rural households increase.
It is important not to equate increases in income with increases in nutrition, however. At the macro level, figure 1 shows the enormous range in underweight rates for similar levels of per capita gross national product (purchasing power parity) [7] . At the micro level, recent work reminds us that a large percentage of households that are above the poverty line have stunted children [33] .
Changing time allocation patterns
Any activity undertaken by parents or child caretakers is a potential competitor for time devoted to the care of the child. The magnitude of the payoff in increased time for child care (primarily feeding and hygiene behaviours and interactions with the child) in terms of improved cognitive development and achievement is only now being appreciated by the wider development community [34] . Moreover, an increasing number of economic initiatives, such as public works projects and microfinance schemes, are looking for ways of making their activities compatible with the provision of care to young infants [35] [36] [37] .
One example of the impact of improved care on preschooler weight-for-height is provided by Ruel et al. [38] . Their work in urban Ghana shows that-after a wide range of income and other socio-economic and health factors have been controlled for-children receiving a good level of care do much better in terms of growth rates than children who do not receive good levels of care. Moreover, the effect is even greater for children of women with less formal education.
The provision of care to children takes time, and non-work time is something that poor people have little of. Data from Brown and Haddad [39] show how heavy the time burdens are in poor populations, for both men and women. New technology or institutional arrangements-whether in agriculture or not-will probably affect time allocation patterns of caregivers in unforeseen ways. It is important to try to identify these effects ex ante. An example of an intervention that seemed to be able to do this is provided by Paolisso et al. [40] . They investigated the time allocation implications of the introduction of fruit and vegetable technology targeted to women in rural Nepal (the VFC programme). Women increased the amount of time they spent working on VFC crops, but unlike the case with cereals and livestock, they did not have to decrease the amount of time they spent on VFC crops when the number of pre-school children in the household increased. That is because the VFC crop activities were designed ex ante to be compatible with child-care responsibilities by being more home-based.
Changes in household decision-making
Household decisions are influenced by bargaining power and fall-back positions of individual family members [41] . Typically, men are seen as having more influence over such decisions than women; men and women often have very different priorities for how household income should be spent. These fall-back positions can be characterized as the economic or social power the individual has should household cooperation break down. These positions can be built up by having good networks, assets, property rights (private and common), employment possibilities, and access to savings and credit services. For example, female-owned assets have a much stronger impact on education priorities within the household than male-owned assets [42, 43] . We need to be aware Percent children under 5 underweight
Per-capita GNP of how innovations-whether or not they are agricultural-might affect such fall-back positions and therefore how they might affect decision-making within the household.
Impacts on nutrient requirements
A much-overlooked area of research is the impact of new technologies and activities on energy and nutrient expenditure. One of the few social-sciences studies on this subject is by Higgins and Alderman [44] . They asked the question: how does the level of activity in agriculture and nonagricultural activities affect the nutrition status of women in Ghana? They found that women's body mass index (a measure of thinness in adults) was negatively affected by agricultural work and positively affected by non-agricultural work. The significance of this result is magnified by new work linking poor female nutritional status with low birthweight, and by new work linking intrauterine stress to the likelihood of succumbing to diet-related chronic diseases in later life [45, 46] .
Health impacts
Productive activities in any sector run the risk of having negative impacts on health. Agriculture is no different. Whether the impacts come from irrigation systems that affect the populations of malaria-carrying mosquitoes or the vectors of schistosomiasis, from the use of inorganic fertilizers that require direct handling for precision fertilization, or from the use of ever-increasing quantities of pesticides because of the build-up of resistance by insects, the dangers are there. For the most part, the international agricultural community is sensitive to these negative externalities and is busy working on methods of insect control and use of fertilizer and water that minimize such negative health impacts [47] .
Challenges for the CGIAR
The previous sections of this paper have described the main pathways through which agriculture and nutrition are linked. Is the CGIAR doing enough via these links to enhance the nutritional impact of its work? First, it is not clear from CGIAR documents how important malnutrition reduction is as a goal for the system. For example, the CGIAR's 1998 annual report [48] mentions malnutrition only twice, and the medium-term plans of the majority of the 16 centres do not mention malnutrition either, although most of them do list poverty and food insecurity as guiding principles for setting research priorities.
Second, a breakdown of CGIAR spending by region indicates that resource allocation does not match the location of undernutrition very well. For example, Asia has 70% of the stunted children in the world but receives 32% of CGIAR resources. Again, however, there may be factors that explain this apparent mismatch. For example, the national agricultural systems might be playing a much larger role in Asia than elsewhere, or perhaps the CGIAR's resource allocation reflects the trends in undernutrition (which are getting worse in sub-Saharan Africa and slowly better in Asia).
Third, a review of the composition of CGIAR resource allocation by commodity ( fig. 2) is not very instructive. It is not clear, for example, that the nutritional impact of CGIAR spending would be enhanced by a move away from cereals to vegetables, fruit, and livestock, because of the indirect effects of agricultural productivity on nutritional status.
However, there are a number of indications that the time is right for international agricultural research to review its potential for increasing its impact on malnutrition via all the links outlined above, and that it may be able to have a larger than expected impact.
First, it is becoming clear that micronutrient malnutrition-a problem that affects billions of people and entails huge human costs and large economic costs (up to 5% of GDP by some estimates [49] )-cannot be overcome by food fortification and capsule supplements alone. Agriculture and food-based approaches have to be part of a sustainable solution to the micronutrient problem, e.g., for low-weight women just before their child-bearing years [50] . Second, international agricultural research is being put under increased pressure to demonstrate poverty reduction, and we know that malnutrition affects the income-earning ability and economic productivity of both the current and the next generations. Third, in the next 5 to 15 years, agricultural policy makers and scientists will be placed under increased pressure to be more nutrition sensitive as the rates of overnutrition increase rapidly, particularly in Latin America and Asia [50] .
There are many ways in which the CGIAR is responding as outlined above. Two areas in which a greater effort would probably have a high payoff are an increase in investments to enhance the productivity of micronutrient-rich non-staple foods if the real price of these This issue highlights existing technologies that can improve the nutritional impacts of agriculture via some of the pathways identified above. The need and the demand for agriculture to play a greater role in promoting improved nutrition are demonstrable. The potential for it to do so is tantalizing.
